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APS tRALT OF T Jlli IrtSCLOSUBS 
An Electrode device Tor e tec trie ally h tut Ling underground 
deposits of hydrocarbons such as oil saud or oil shnlo, P Jural 
well pipe sections arc joined through insulated pipe joints with 
an electrode: connected through one of the in.sn3at.Ed pipe joints 
to a lower one of tfu? pipe sections. Each of the insulated pipo 
joints includes a first tubular member having a flange portion 
At 0116 fend thCTKof, 3 second tubular member having a cap portion, 
at one end ifhich is received in the flan go portion of the first 
tubular member with a gap therebetween, and an insulating member 
disposed in the gap lor hermetically coupling the first and 
second tubular members and for clot trickily insulating first 
and second tubular maniocs from on© another. 



ELIaCTRODE DEVICE FOR KLEiCTRlCALLV HEATING 
UNDliRUSimiND DEPOSITS OF HYDROCAUROKS 

BACKCKOOTD OF THE INVENTION 
The present Invention relates to an electric device 
used to electrically heat underground deposits of hydrocarbons. 
More specifically, the present invention relates to an electrode 
5 device which is used to supply eloctrical power to an underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a itjpioer viscosity and higher fluidity in order 
to mcro easily remove* thero fi'om the vet J . 

Tho teroi 11 hydro carbems" $.s used he re i naif t ex means 
10 • petroleum or oil, bitumen contained in oil sand (also called 

"tar saiid") and kerogen contained in oil shale, These will all 
be referred to as 1i oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity it is possible to extract the oil through the well 
15 either by gas pressure coexisting in the oil layer or by forcing 
a liquid such »s brine into one well to forco the oil to flow 
out of another well. Ikwavex, should the underground oil havo 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A general method of making the oil fluid is to heat the 
20 oil thereby to lower the viscosity of the oil. The temperature 
suitable for this is different for different type* of oil. 

There have been proposed as oil layer heating methods 

\ 

s 



the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
be burned, and the jise of explosives. The last two methods are 
difficult to coutTDl so that thoy are pot in ganoTnl use* 

According to the method of injecting the hot water ot 
water vapor at a high tampers turo and under a high pressure > 
the oil layer is heated to enhance the fluidity of tho oil to 
cause the fluid oil to flow out to the ground surface. tf. r how- 
ever, some regions of the oil deposit have a low resistance to* 
the flow of hot water or water vapors or there are voids in the 
oil layer t the* tfater ot vapors may coiloct In these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 
oil layer is solid and. dense , the hot itater or it^ vapors will 
again not diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical power is performed 
by drilling a plurality of wolls in tho oil layer and by establish 
ijig potential differences between electrodes disposed in the 
wells so that the oil layer is heated by its resistance to the 
electrical current which flows therethrough. This technique is 
advantageous in that the oil layer can be vholly haatad with ease 
even if it has voids or is solid and dense. However , another 
device is required for pumping up.: the fluid oil # 

For improving the oil producing efficiency, there has 



further been proposed a mat hod which includes a first Step of 
ben ting the oil lay or by electrical resistance heating and a step 
of injecting hot water or water vapors at a high temperature and 
cmdur a high pressure* when the qil layer becomes soft while con- 

S tinning the heatirfg sd that the resultant fluid ail may He pumped 
out- In order to efficiently heat the oil layer* the electrode 
device must be stif f inicntly electrically Insulated thHt the leak- 
age of electrically current into under ground portions other than 
the oil layer is avoided as much as possible. Tha electrode de- 

10 vies i_s also required to be unbreakable with respect to the under- 
ground soil pressure, the piessuic of th» vapors which are gener- 
ated by the heating operation, and the pressure of injected hot 
water or hot high pressure water vapors. The electrode dovic« 
is further required to be free from leakage of hot vater or hot 

IS high pressure water vapors . 

tn order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil STjndE will be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between ' 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially exposed in a valley or at the banks of 



- 3 - 



1168283 

a river bat J fl most often located entirely under y>:oi rati at a 
dopth.of 200 to S00 ro wWle having a thickness of several una 
of .meters, Ulie to consideration Of economy And environmental pro- 
tection, It it necessary to separate out the- oil underground and 
to ox-tract only the oil -from the well. Moreover, sine* the 
extraction of oil. from a Shallow underground Xayer is accompanied 
by a danger ox subsidence, ir. is desirable to extract oil only 
from underground layers Jyintj deeper than 300 ju. 

Purther aspects of the background o± the invention and 
the Invention o.f the present application are described with 
the assistance of the accompanying drawings in' which- 1 

Vig. 1 ia a schema tic sectional view showing a 
conventional prior art installation of the several type with 
vhich the invention is utilised? 

Uig. 2 is » cross-sectional, view of an insulated pipe 

^oint of the. invention; 

Fig. 3 is a oross-9BCtional View showing sevural joined 
pipe sections an electrode and insula fc*<I pipe joints in accordance 
With the invention; and 

Pigs'. 4-7 are a -series of cross- sectional view 
illustrating the use Of. insulating coating* in accordance with 

the invention - 

Fig. 1 illustrates the' heating of an oil sand layer, 
by electrodes couplud to □ power supply- In ?ig* l, reference 
numerals 1 and 11 indicate main guide piper* made of steel, 2 
and* 12 indicate insulators 3olned to the main guide pipes l and 

11, 3 and 13 indicate electrodes joined to the insvlators 2 and 

12, perforations are formed in the electrodes 3 and 13, and 4 and 
14 indicate cables for feeding an electric current to the ele- 
ctrodes 3 and 13. This assembly is hereinafter called tog&ther the 
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"electrode device". Reference nuttier a 1 S indicate a power 
uOUL'CfC, 6 indicates an oil 3cind lever, 7 indicates »u oleotric 
current flovinq between the electrodes 3 and 13, R indicates the- 
grouucS surface, 9 indicateB an overburden layer,, and 10 in- 
dicates a layer below the nil sand layer. 

When a voltayc is a£>pl i.*d to the electrodes 3 and 
13 which arc buried i« the oil Banc* layer 6 from the power 
source 5 through the cables 4 and 14, tho current 7 flows in 
accordance with the electric rcsIsUnnca of the oil aand layer 
6 as a result 
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of which the oil sand layer 6 is heated by Joule or resistance 
heating. Although, the current 7 paztially flows into tho over- 
burden layer 9 and the layer 10, the leakage is Maintained at a 
low level because the insulators 2 and 12 are interposed between 
the main guida pipes 1 and 11 and tha electrodes S and 13. After 
the pil sand layer G lias been warmed, the powor supply is inter- 
rupted. Hot water or water vapors- at a high temperature under 
a high pressure are then forced from the upper inlet" of One main 
guide pipe l of the electrode device and flow through the oil 
sand layer 6 until they come out of the other main guide pipe • 
11 carrying the oil, m order to improve the flow rates of the 
hot water or the hot pressure water vapors, perforations are 
formed in the electrodes 3 and 13. 

Since yhe upper portions of the insulators 2 and XI 
are connected to the main guide pipes 1 and 11 and the lowor 
portions are connect cd with the electrodes 3 and 13 t a down- 
ward tensile str&ss is always applied to the insalatDr.s, More- 
over, since thQ ti-sserably e;m be at a temp s rax ure as hi^h as 
250*<: to 300 <1 C > the insulnturs should ba able to withstand such 
temperatures. Also, since thu insulators 2 and 12 are bu T ieJ 
underground as deep as several hundred meters with the electrodes 
S and 13 suspended from their lover ends with the upper ends 
thureof connected to the main guicte pipes 2 and 12 „ the insulators 
Z and 12 will almost certainly contact or collide with the well 
walls while they arc lowered into the well. Because of the 



groat total weight, any slight contact will impose a hi^h mecha- 
nical impact upon the insulators 2 and 12, There fore, the 
insulators 2 and 12 «tc required to be able to withstand anticipated 
Levels of mechanical impact* 

5 in an electrode device which heats an oil sand layer 

when it is suppiiod with an electric current, a major problem is 
that the olcctric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions, they camioL generally 

10 be precisely stated* Huwovur, avorage values are lOuft-m for 

the oil sand lay or and 10fl-lsoa-m Tor the overburden layer. As a 
result, if an electric current is supplied to two electrode devices 
which are constructed by connecting electrodes to guide pipes made 
of steel pipes and by disposing those electrodes in the oil sand 

15 layer, raO^s* of the current will he con.stnuod in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes vith an insulating coating 
or to Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

2u which satisfy the aforerae tniosied requirements. In one such 
attempt, flanged tubular members made of metal are coatod with 
an organic resin which provides a high resistance tq heat. An 
appropriate material is polytetraf luoroethylen** resin (far example 
,r Tef Ion™ 1 ' lfhich is trade name of tfu Pont) . With this 

25 construction, insulating mombors tire provided which are 

satisfactory in their ability to withstand a suspending load 
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ana" mechanical impact forces. However, it has pjwed quite diffi- 
cult to coat the flanks portions satisfactory with The insulat- 
ing oiaterial* Naragver, even if satisfactory insulating ch*r- 
actevistics are provided at room temperature, the insulating 
5 coating has a tendency to separata, especially around tho flange 
portions, due? to repeated thermal expansion and contraction 
such hs is typically encountered in normal operating conditions.. 
If the insulation coating is brolton or caused to flake off, the 
insulators thus produced become useless, 

10 Tn 3 second attempt , porcelain snatori&l has been used 

for forraing the insulators. However, it is also necessary in 
constructing the insulators to take into account the requirement 
for providing water and oil tight characteristics with respect 
to the connection between the main guide pipes 1 and J.l and the 

IS electrodes 3 and 13 as veil as between the insulating member. 
Tho connection has generally been made by shrink fitting metal 
pipits on the outer peripheral surface of the porcelain pipe and 
then connected with other metal pipes ordinary technique^ sijcb 
as welding or attachment with holts. With this construction, 

20 although tho wall or oil tijjht characteristics may bo acceptable 
at room temperature, the strength of the shrink- fitted joints 
tends to drop as the temperature is increased $q that the abi- 
lity to support thp suspended load is correspondingly lowered. 
Moreover, breakage of the porcelain may taken place as a result 

25 of the stress imposed upon the leading end portions of the shrink - 
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fitted areas* in order to eliminate such drawbacks, there has 
beers proposed thg use of a porcelain pipe having ends formed 
as flange portions with the flange portions fastened to metal 
pipes with packings interposed between the contact surface?. 
5 With this construction, the above- stated retirements 3 re met 
at room temperature. However, the wateT and oil tight settling 
tends to deteriorate upon repeated thermal expansion and con- 
traction. Moreover, porcelaan intrinsically lacks strength 
against mechanical impact farces. Thus, it has a high tendency 

10 to be broken by a. mechanical impact fOTce such as is ordinarily 
encountered while tho assembly is lowered through the well. 
Thus, the prova&inn of a porcelain insulator suffers from the 
unavoidable do fact that there is a high tendency of breakage. 

Vet .further, insulators fotmod of organic polymeric 

IS compounds have been proposed. Although s\ich compounds may have 
& High strength at room temperature and are t{uite good electrical 
insulators, most of the compounds of this general class are not 
particularly heat resistant* Speci f i call y, very few compounds 
of this. type are known which are resistant to hot vat or or water 
vapor at high temperature and under high pressure* 
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SUMMARY OF TUl l JNVTj N TKflf 
In accordance 1: h the invention, there is provided 
an electrode device :fnr electrically neatiug underground deposits 
of hydrocarbons including a plurality of well pipe sections, 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying an electric current to The under- 
ground deposits, a plurality of insulating pipt* joints exch 
including u fir*t tubular member having a flange portion at one 
end thereof, a second tubulor member having a cop poTtion at 

10 one end thereof adapted to be received in the flange portion 

of the first tubular member with a gap therebetween and an lti* 
sulating member disposed ii) the gap between the flange portion 
and the csp portion for hermetically coupling the first and 
second tubular inembers white oloctrlcally insulating them froin 

15 one smother and with the insulating pip& Joints being uhbc{ to 

couple at least some of the pipe sections together and the elec* 
frnde to one of the pipo .seetioiis, &nd a cable connected to the 
electrode for supplying an electric current thereto. 

At least S0flte of tho insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
£ap bcttfCuu the flange portion in the Cap portion and second 
insulating portions disposed adjacent inner and outer surfaces 
of the tubular members with the first and second insulating por- 

25 tions being formed integrally with each other. Preferably > the 
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insulating member of eaoh of the* insulated pipe .j^ iIltti JR»<to 
of a glass-onicci molding formed Croift ponders of glas?, and mica. 
An insulating coating may be provided on Fit least a portion of' 
the outer ^ar^ace of the insulated pipe 3oints. This coat'in.g 
raay be u twin of po lyte trail uor ou thyl cue r a resin of dxphenyl 
oxide. Moreover, a protective layer of insulation can be 
proyided around at least- a portion of the* insula ting con tiny* 
Vhe pro tec live lay^r may be an inexpensive material, such as 
polyethylene, polypropylene or polyvinyl chloride. 

Further objects and advantages of the invention will 
appear from the following description taken together with the 
acCOrfipan ied drawing o . 

In accord aric& with tha invention, thero ic provided 
an electrical heating electrode device which is entirely free o£ 
the above-ioentioued drawbacks* A preferred embodiment of 
the electrode device of the invention vill be described in detail , 
fiirBt with reference to Fig. 2 which shows & cross -c actional 
view of an insulated pipa joint 21 whiuh is Utilised with the 
electrode device of the invention. 

The pipe joint goiujr&lly designated 21 In Figure 2 
comprises four basic elements; 

a fir&t tubular member 71 , a second tubular marabar 33, 
a cyl .indrical sleeve- like cover member 29, and An insulating 
member 35. 

'i l he fir at tubular jfriOAibex 22 comprises a cylindrical 
tubular portion 23 with a radially outwardly extendi ny flange 
portion 7\ at a luwoi" end ae shown. 

The ceeono" tubular member ^3 comprises a cylindrical 
tubular portion 30 with a radially outwardly extending hub portion 
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I 25 ah an upper (0*3 shown. The interior diameter of tubular 
portion 50 of the second tubular member 33 ii.3 shown identical 
to the interior diameter, ot Lubular portion 23 of the -fixsu 
tubular. Tociflb^r 22 , 

Hub portion 25 of the 2nd tubular member 33 is provided 
with an internal annular recess 31 as shewn. Huh portion 2 5 
is also provided -with external threads 32 which mate with 
threads 29 on cover member 29 t*o be described. 

Sleeve -like cover .member 13 comprise a u cylindrical, 

10 tubular, drum-like portion 26 with, internal threads . 28 at one. 

lover end as shown in Figure 2 and a radial 3, y inwardly extending 
cap portion 27 at the other upper end. As sbovm, tubular portion 
26 lias a larger internal dizuuetBr that the external diameter 
o£ flango portion 24 of the first tubular member 22 bo as tD 
provide a gap therebetween to be occupied by insulating member 
3b, Cap portion 27 of cover member 29 hae an internal diameter 
larger than the external diameter of tubular portion 23 of the 
first tubular member 22 so as to form a <yap thcrebctweju The in- 
ternal diajnotea- of cap portion 27 is smaller than the external 

20 diameter of fTianuG portion 24 of the first tubular member 22. 

Preferably the first tubular member 22, second tubular 
member 33 and cover member 29 are made from steel. 

XnsuXatin? member 35 includes an. outer .cirovmf erentlally 
insulating portion 36 v/hicu surrounds external surfaces of 
tubular portion 2? of first tubular member 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recess 31 of hub portion 25 of the second tubular member 
33. The inner insulating portion 37 has the same internal 
diameter as that of tubular portion 30 of the second tubular member 

3D 33, Ab may be- seen, insulating member 35 comprises an integral 
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I member extending from portion 36 thereof to portion 37 thereof , 
integral insulating member 35 thus space b surfni;cs of. the Cirst 
tubular inember 22 from anrf aeeR, of second tubular mOJQbeT; 33 and 
cover member 29 by a gap occupied as seen in figure 2 by insula tiny 
membfci" 35. Insulating member 35 insulate a first tubular member 
22 from contact With second tubular member 33 anfl cover member 

Wxth cover member 29 screwed down onto second tubul&r 
member 33 as shown in Figure 2, flange portion 24 of first txibular 
JO member as encasec! by insul.atj.ng member 35 ia s&iidwichefl between 
cover mewbex 29 and the upper end of hub portion 25 of the 
second tubular member 33, whereby insuJat-ing member 35 way Corm 
& hermatic seal between first bubular member 22 and second tubular 
jQcmber 33, 

By screwing cover member 29 onto, second tubular 
member 33, first tubular member 22 may be firmly, sea lab ly coupled 
to second tubular member 33 yet insulatively isolate^, therefrom. 

in assembly, first tubular portion 22 may ba inserted 
through cover member 29 following which cover member 2J> may be 
20 screwed onto second tubular portion 33. The insulating msmber 
35 may be. soon to occupy a gap between the first tubular member 
22 and the comb illation of the second tubular member 3 3 and covor 
member 29. 

Preferably/ the entire- insulating member is made of 
a composition of glass And mica and is formed by a molding pro- 
cess. The insulating member is formed by hoauingc a mixture of 
powers of glass and mica to a sufficiently high temperature 
that tho mixture become b fluid. Once the mixture is fluid, it 
ia pressure molded nain^ a mo.ld of apparopx iats Shape. The for- 
3° raation of the insulating member 35 v7i.ll be deacirbod in more 
de taiJ.* 
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Tho frirsi: tubular aiembor 22 and the second tubular 
member 33 are assembled to be positioned shown in Fig. 2 and 
axe tl\p-n heated to a predefccrAiincd temper a ture.* The two ttflmlar 
members at the elevated tfimperaturo arc fitted into a TO Id* 
Ke-Kt, a mixture of glass and mica powders is prepared by pre^ 
molding the mixture into the farm or a preliminary molded zitexiibc.v 
of a cylindrical shape which *'ill -fit ir> tho gay between the 
tubular portion 23 of the first txibular member 2 2 and cover member 
29. The preliminary molded jnemb»r is heated to a predotcrtftincd 
temperature and fitted in the ?ap in a heated condition. Meat, 
a pre e pure ie applied to the preliminary molded member before 
it cools to force the- material of the camber to i'lov into the 
gap between the first and second tubular lEiembcrc and into the 
interna.!, annular recess 31 in the- second tubular member 33* 

For the material of the preliminary molded member, 
45 vttfc of. glass powder prepared by pulverizing & glaze used for 
enamel coating steel objectB, co/aroorcially available. : as Product 
Wo. 2312 of Kippon Fexxo, f.td., to a eise of. 2&Q mesh Mixed with 
55 v/tft of mica pother of synthetic phlogopoite of a siKe of 
Gt> to 200 mesh. 5 wt* of water is added to the resultant mixture 
to.^et it so .it can be molded. 1500 gm d±" the netted mixture 
is molded using a cold pressure. molding process to form a cylin- 
drically shaped body using a mold (not shown) . Tho preliminary 
molded incmbeJt: disposed in a drier at 120°C for two hours 

to dry it prior to .its use in forming the insulating member 35. 

As described above / the covbc member 29 and the hub 
portion 25 arc joined by screw threads, However, the invention 
ia not limited thereto as; tlic cover member 29 and the hub por- 
tion 25 can bu joined by welding. 

in an alternate embodiment r the cap portion 27 of 
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1 the cover member 29 i» divided into font quadrants two of vhic'n 
are removed. Ths flange* portion 24 of. the first tubular .member 
22 if; i:bon cut vuch that the r eAitti nihy part of: the .Cieiwje portion 
24 can fit through the? two removed quadrants of the* csnp portion 
27 30 that the flange portion 24 can be located under the cap por- 
tion 27 of the cover member 29. 

Wi th the insulated p?pe joint described above-/ a ten- 
Bile for co imposed on the cuds of the joint is converted into a 
compressive force which acta betveen the cap portion 27 eind 

lo flange portion 24, b'lnce the compression Rl-rength of the insulating 
raentb&r 35 of the type described is much greater than its tensile 
strenyth and since the force par unit area can bo suitably pet 
by adjusting the exuenfc of the area on vbich the conspressivE 
forces arc applied > the resulting assembly is quite strong and 
able. tD \fiths-tand hitfh te-n^ilo force-s imposed on the ends of the 
nolnt* 

JVt high toinpcraturefi, for instance 3Q0°C, the? heat 
res*iEtant characteristics of the insulating member arc prlaiaxily 
■ <te termined by the thermal charncteristios of the gla&«j material 
20 used as the starting Material. Particularly, the transition 
temperature of this matorial is important* if the txansJ.tion 
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temperature is, for instance, i« a range of ,ft C to 600 C. 
a high mechanical strength for the overall asspsnbiy will be 
preserved to a Lemperature of at least 300*C. 

Xith lospect to the roslsLance to mechanical impact 
S forces, the mica powder which is u.sed to lorni the Insulating 
meirt&r is composed of particles having a flat shape wherein 
the ratio of the (Hamster to the thicTcness of a single scaJe 
particle is &ener»lly in a .range of 30 to 50:1, Duo to the 
pre-soncc of the scale particles, the molded insulating member 
10 has a laminated form thereby providing it with a liifth elasticity. 
This high elasticity would not lie present if the insulating 
membor were formed only of glass powders. Due to the laminated 
construction, the insulating member is provided with a much 
greater resistance to repeated temperature changes and mechanical 
IS impact forcos then is * prior art type of insula ting member made 
Q f an inorganic compound, Therefore, the insulation member 
produced in accordance with the invention is suf f iciontly strong 
that it can withstand the typical impact forces- which arc en- 
countered during the use of the structure. 
20 Next, the construction of a preferred ejtibodircent 

of an. electrode device of the invent ion utilising the above - 
doscriberf insulated pipe joint 21 will be given vith reference 
to v"ig. 3. Reference numerals 1 to 4 used in Tig. 3 indicate 
similar components as those of Fig, 1. The righthand half of 
25 Kg* 3 shows thti completed structure of the insulated pipe joint 



- 15 



1108283 

21- As shown in the figure, the insulating member 2 includes 
tKD insulated pipe joints 21, One end of the insulating member 
2 is connected to the pipe 1 and the other to the ulcetrodu 
3. These cotitvdc lions may bp iiibcU by woU-known. techniques such 
as walding ox by the use of screw threads. 

As r iu accordance with the invention, the completed 
3nsulnt[>d pipe joint 21 has a common, throu£hhole o<* constant 
internal diameter > the assembly and use thereof is quite easy. 
For instance, the provision of the above-described partitions 
is quite simple. Of course, tootg than two insulated pip& joints 
Zl can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

7f needed, such as in the cas& pTinto having a high 
salt concentration is used, the outer surface* of the insulated 
pipe joint 21 can be covered with a coating 41 of an organic 
substance having a sufficiently high heat resistant property. 
This is shown in the lefthand paTt of Pi ft - 3. For example, tlie 
cwting 41 can be formed by shrink fitfloft a "Teflon M tube. 

A,4 described above, in accordance with tho invention, 
tho pipes and tha otoc trades arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe Joints are converted into compression forces vhich act 
between the cap portions and the flange portions thereof. Since 
the compression strength of tho insulating member is much greater 
than the tensile strength thereof, the overall electrode device 
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of the invention has h quite high mechanical stvongth and can 
withstand high pressures and strong Mechanical impact forces 
so that it can be used under severe operating conditions often 
encountered in oil well application. 

Yet further > the coating 41 and the insulating members 
2 and 12 of the electrode can be formed from, other materials . 
To determine what materials are best for these members, tests 
were conducted to investigate the resistance of various organic 
polymeric compounds to hot water and v/ater vapor at high teKipoTa-ture 
and under high pressure. The compounds investigated are listed in 
Table 1 herein* 

Regarding the tests, test pieces of OHch of the materials 
vers placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2 -liter autoclave containing pure 
water. The autoclave was held at 2S0°C at an internal pressure 
of 6B kg/cm 2 for a period of 10 days* The autoclave- was then 
cooled to a room temperature and the test pieces vexe checked for 
appearance. The resulxs arc presented in Table 2 from which it 
Cfcn be seen that hot water and steam had a much more adverse affect 
tha:n dry heat. Of the materials tested, only polytetraf luoroethylene 
resin and diphenyl oxide resin were acceptable. 

A coating of vater. and steam resistant resin can be 
formed aidund the pipe 1 by repeatedly applying coatings of the 
roateTial. and baking the assembly until the desired thickness is 
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obtained. Also, a coating of- the heat Tesistant rei.sn can be 
formed by first prepaying a tube of tho resin having an Inside 
diameter slightly larger than the outside diameter of tho pipe 
l:-and then slipping the tube over the pipe 1, If the resin 
5 is in the form of a sheet or tape, it ma/ be '.round directly around 
the pipe 1 and then fusion -bonded if necessary. As described 
above, a heat-.shrinkable tube of polytetraf luoroethylcme can 
bo slipped over the pipe 1 and heated to fit it tightly to (foe pipe. 
As discussed above, YfKon the assembly including the 
10 electrode is inserted into the oil wU, there is unavoidable 
cbfitact .with the inner wall of the well so that tbe heat 
resistant insulating coating may be damaged. To proven t this, 
protective coating of insulation l& may be formed around the 
insulation 15 as shown in Pig« 5. Since the protective coating 
XS of insulation 16 may melt or collapse if the electrode is 

exposed" to hi$h temperatures, it can be made of an inexpensive 
raatarial such as polyethylene, polypropylene or polyvinyl chloride. 

Typically the total length of the guide pipe 1 is 
200 to 500 m. However, a single section of the sceel pipe that 
20 makes up the fuide pipe 1 is only about 10 m in length, tb join 
the pipe sections, each pipe section is provided with a taper 
thread otx one end and the pipe sections are joined by screwing ■ 
the* together. An insulating coating must also be formed around 
the joined parts of the pipe sections and on the surface of the 
25 coupling. To accomplish this, as show in Fig, 6, steel pipes 
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1A and lb are covered with, the coating of heat resistant insulat- 
ing material 15A and 15K and arc joined by a coxipling 17. A 
coating of heat resistant insulation 15C is formed aTDund the 
coupling extending into adjacent area.s, A heat-shx inkable tube 
£ of a ^Dlytetrafiuoroethylejie is particularly suitable in this 
case. 

To protect tha insulating coatings from direct contact 
with the inner vail of the we'll* steel pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
^ 15A and 15 B and protective coatings of insulation 16A and 16B 

are first joined through the coupling 17 ► Thereafter > the coupling 
16 is coated with the h»at resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the ad j aeon t 
areas as shut/n in Fig, 7. 
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1A and lfc are covered with the coaUug of heat assistant insulat- 
ing material ISA and 15R and arc joined by* a coupling IV. A 
coating of heat* resistant insolation 15C \<> formed aToynrf the 
coupling extending into adjacent areas, A heat-skr inkable tube 

£ of a pDlytetrafluoroethylejie is particularly suitable in this 
case- 
To protect thu insula ting coatings from direct contact 
Kith the inner wall of the well* sIdd! pipe sections IA and IB 
covered with the coating of hoat resistant insulating material 

* n 15A and 15 B and protective coarings of insulation ISA and 16B 

are first joined through the coupling 17 ♦ Thereafter , the coupling 
16 is coated Kith the haat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shut/a in Fig, 7. 
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Table 2 

A ppearance 
OK. 

learned into a lump* 
Pa. 
Collapsed 
OK. 
Do. 
Do* 

Turned into a lump. 

Glass whitened 
(Resin came apart) 

DO, 

Do. 
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WHAT IS CLAIMS) l'S: 

1. An electrode device for electrically heoting under- 
ground deposits of hydrocarbons comprising : a plurality of koII 
pipe sections; an electrode adapted \o W disposed in an undet- 
ground deposit of hydrocarbons for -'uipplyiixg an electric current 

5 to said underground deposit; a plurality of insulated pipe joints 
each including a first tubular member having a flaunt; portion 
at one end thereof, a second tubular member having a cap portion 
at one end thereof adapted to be received in 59 id llange portion 
of said first tubular member tfith a there-bctwoou, und uti 
10 insulating member disposed in said gap between .said f 1 ange/pov- 
tion and said cap portion for hermetically coupling said first 
and second tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe Joints being operatively disposed to couple at luast some 

IS i>f said pipe sections and said electrode tfbile electrically 
insulating said at least si>jiu; of said pipe suctions and said 
electrode; and a cable connected to said electrode for supplying 
an electric current to said electrode* 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are interconnected. 

3. 'fhe electrode device as set forLh in claim 1 therein 
said insulating member of each .of said insulated pipo joints 
comprises a first insulating portion disposed in said gap between 
said flange portion and said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular members > said first and second insulating portions 
being formed integrally with each other. 

4. 11)0 eletit-rode device as set forth in claim 1 wherein 

5 said insulating member of dJtch of said insulated pipe joints 
is made of a glass -mica maiding forced from glass and mica 
pov/d CrS . 

S„ Tho eLcctrod© device as set foTth in claim 1 further 

comprising an insulating coating profided op at. least a portion 
10 of an outer surface of said insulated pipe joints. 

6. The electrode doyieo as sec forth in claim 5. wherein 
said insulating coating isrpoiyte.trafluorDuthj'lQne . 

7, The- electrode device as set forth in clatjn 6 wherein 
Said insulating coating comprises a resin of thermally shi'inkable 

15 polyte-trafluoroethylene, 

B , The electrode device a 5 set forth in claim 5 vihoxoin 

said insulating coating comprises a resin of dipbenyt oxide. 
9 t l^e electrode device as set forth in any of claims 5-7 

further comprising a protective layer of insulation .upon at : 

20 leasx a portion of said insulating coating* 

10. thD electrode devicD as set forth in any of claims £-7 

further comprising a protective layer of insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a materia] selected from the 

25 group consisting of polyethylene, polypropylene and polyvinyl chloride 
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11. An d ftntrodo. c1ov.v:r for electrically httutinu" unclu-r- 

ground deposits of. hydrocarbons comprising a plurality Of inter- 
connected wft.ll pipe Becl.ionB, an c-loetmdfi adapted to bo disposed 
in an uivSerofTrourvS flepnsit of* hydrocarbons supplying electric 
current to said underground deposit, at least one insulated pipe 
joint includiiKj a first tubular member comprised of a well pipe; 
section hAving u flamjC portion at one end thereof , n fiucond tubu- 
lar member cOinpi is:ud Of: said electrode disponed in alignment 
with said ±irtt tubular Timber, a cover member carried by saf.d 
Eftcond tubul^JC niCiTJb&r havinei a cup portion ftt one end tharco.t 
disposed in overlying relation to said flange .portion above Sft-ld 
first tubular jnomb&r with a gap therebetween, an insulating member 
disposed in bald gap between said flange portion and iia.ld cap 
portion for hermetically coupling said first and second tubular 
member and for electrically insulating said first and second 
tabular ip,embBrs from one another, cable Cleans connQcted to said 
eleotsrode for Supplying an electric current to aald electrode and 
an insulating coating provided on at least an outer surface of 
said tneuiating pipe ioxuU. 
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